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ABSTRACT
A series of seven short term experiments were conducted using SCWL 
laying hens to study liver and egg yolk cholesterol changes caused by 
dietary lipids. For all the experiments, the individually caged layers 
were 55 week-old or older and automated procedures were used to measure 
the liver and yolk cholesterol responses. In the first four experiments 
the diets contained olive or safflower oils at 8%, oleic or linoleic 
acids at 6%, all with or without cholesterol. In experiment 5, dietray 
levels of olive and safflower (1 and 8%) and cholesterol (0 and 1%) were 
factorially combined and examined. The olive and safflower oils at 
dietary levels of 1 , 5  and 9% each were also examined in separated 
experiments in factorial combinations with cholesterol at levels of 0, 
.5 and 1%. The addition of cholesterol to the oil of fatty acid diets 
resulted in significant (P < .05) elevations of yolk cholesterol levels. 
The responses of liver and egg yolk cholesterol contents to dietary 
olive oil were positive and linear. As dietary cholesterol was 
increased the liver cholesterol content increased in a quadratic fashion 
with the rate of increase higher after the second level (.5%) of dietary 
cholesterol. As dietary cholesterol was increased the egg yolk 
cholesterol content increased in a quadratic fashion with the rate of 
increase higher after the second level (.5%) of dietary cholesterol for 
safflower oil whereas the rate decreased with olive oil. A significant 
(P<.05) positive olive oil by cholesterol interaction was detected for 
liver cholesterol whereas the same interaction for daily feed intake 
showed a significant negative response (P < .05). The significant
ix
(P < .05) olive oil by safflower oil by cholesterol interaction for feed 
intake further corrolsorated the olive oil by cholesterol for the 
same variable, indicating that feed consumption is a control mechanism 
for reducing exogenous cholesterol overload. It was concluded that the 
oleic acid contained in olive oil was the main nutritional factor 




The egg is one of the main sources of dietary cholesterol in the 
human diet. The relationship between egg consumption, cholesterol 
intake and heart disease remains controversial. In view of the 
cholesterol controversy, poultry scientists have long been interested in 
manipulating the egg yolk cholesterol content through dietary means. 
Among the dietary factors considered, oils, fats, and cholesterol 
itself have been the choices of many research workers for examining the 
cholesterol changes in the egg yolk, liver, and plasma. The studies 
conducted have shown a wide variety of results, many times conflictive, 
and the varying responses have Ijeen attributed to numerous factors such 
as individual hen variations, the type of oils and fats used, dietary 
levels, fatty acid composition of the oils and fats and presence or 
absence of cholesterol in the diet of the laying bird.
Since oleic acid is one of the most plentiful fatty acids in 
nature, and since linoleic acid is the only fatty acid reported as 
dietary essential for the laying hen, it seems logical to determine if 
these fatty acids are involved in dietary interrelations with 
cholesterol. The present series of experiments were conducted to gain 
more information about the nutritional relationships between cholesterol 
and these two fatty acids as factors affecting the cholesterol contents 
of liver and egg yolk. The association between liver cholesterol 
content and egg yolk deposition was also studied.
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REVIEW OF LITERATURE 
Humans and Dietary Egg Cholesterol
Cholesterol is widely distributed in the human body. It is 
converted to steroid hormones and to bile acids, and excreted in bile 
and sloughed gut epithelium. Addition to body stores occurs by 
synthesis in liver and extrahepatic tissues, and by absorption from the 
intestinal lumen (Porter at al., 1977). Cholesterol homeostasis in the 
body is governed by an interplay of cholesterol absorption, synthesis, 
storage, and excretion. When a given steady state is disturbed by 
cholesterol feeding, the responses to the changes in these parameters 
are different in different species apd are correspondingly reflected in 
the serum cholesterol levels (Lin and Connor, 1980).
Since the egg is one of the most important sources of dietary 
cholesterol for humans, it has been indiscriminately excluded from the 
diet of normal subjects in an effort to control hypercholesterolemia and 
to reduce the risk of coronary heart disease. The basis for this 
exclusion does jiot find complete support in the literature. In short
term experiments, four healthy human subjects were given a liquid diet 
containing 5000 mg of egg yolk cholesterol per day for 30 days and the 
changes in their lipoprotein fractions were studied. Increased levels 
of plasma cholesterol were associated with marked increases in the low 
density lipoprotein fraction (LDL). These responses were attributed to 
the qualitative change in the fat ingested rather than to the high 
cholesterol content of the experimental diet (Applebaum-Bowden et al., 
1979). Another experiment involving 114 normolipemic human volunteers 
consuming one whole egg daily in their customary diets for 3 
months suggested a high individual variability of response and a lack of
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significant association of change in serum cholesterol with dietary 
intake of egg and of dietary cholesterol itself. The authors suggested 
that the indiscriminate exclusion of eggs from the diet for the purpose 
of lowering serum cholesterol and serum triglycerides of normal adults 
may prove to be a useless measure (Porter et al., 1977). On the other 
hand, Roberts et al_., 1981, studying the effects of dietary cholesterol 
in out patients eating their usual home diets, compared whole egg 
feeding and a cholesterol-free egg substitute in a double-blind design. 
They found that the feeding of whole eggs, equivalent to about two eggs 
per day, had hypercholesterolemic effects.
Humans do have metabolic compensatory mechanisms against 
cholesterol overloading from the diet. This was confirmed by Lin and 
Connors, 1980, in a long term experiment on the effects of dietary egg 
yolk cholesterol in two hospitalized subjects, one normocholesterolemic 
and the other hypercholesterolemic. They found that even though plasma 
LDL and cholesterol increased in both subjects, the cholesterol feeding 
inhibited cholesterol biosynthesis and increased bile acid excretion. 
Cholesterol absorption was not found to be one of the compensatory 
mechanisms.
Shekelle £t al., 1981, investigated the associations of dietary
saturated fatty acids, polyunsaturated fatty acids and cholesterol with 
serum cholesterol level and risk of death from coronary heart disease 
(CHD) in humans during a period of 20 years. They found a stronger 
association of CHD with the percentage of calories from the fats and 
oils in seafood and vegetables (presumably low in saturates and high in 
polyunsaturates) than with the percentage of calories from dairy fats 
(presumably high in saturates and low in polyunsaturates). The authors
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concluded that the lipid composition of the diet affects the level of 
serum cholesterol and the long term risk of death from CHD in 
middle-aged American men.
Cholesterol Metabolism in the Laying Hen
The liver is the major site for endogenous cholesterol synthesis in
the laying hen with its precursor the acetate derived from the body
acetate pool (Naber, 1976). The ovarian tissue has also been shown to
be involved in cholesterol formation (Popjak and Tietz, 1953). These
14workers showed that injected [ C] acetate is used as a substrate by the 
theca interna and granulosa membranes of growing ovum to synthesize 
fatty acids and cholesterol in vitro. This view is supported by 
Budowski et al., 1961, who, based o* the higher specific activity of the 
unsaponifiable lipid fraction of the ova as compared to that of the 
plasma, suggested that cholesterol synthesis does take place in the 
hen’s ovary. However, based upon plasma and egg "isotopic 
steady-state", Andrews elt al., 1968, indicated that if ovarian
cholesterol synthesis does occur in vivo, it accounts for only a very 
small amount of the total egg yolk cholesterol deposited.
The cholesterol synthesized by the hen liver goes to the blood 
stream and is then esterified to cholesteryl esters by the action of the 
hormonally controlled lecithin-cholesterol-acyltransferase (plasma LCAT) 
system (Noble e_t al., 1977). Teekell jJt al., 1975, has shown that in 
broiler chickens cholesterol circulates mainly as esterified 
cholesterol, and it is in this form that the cholesterol reaches the 
body tissues, with the tissue uptake governed by the amount of 
cholesterol present.
The vehicle for the transport of esterified cholesterol are
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lipoprotein complexes (Christie and Moore, 1971), particularly the very
low density lipoproteins (VLDL) which in the case of adult laying hens
reach their maximum concentrations (Noble e_t al., 1977). That chickens
also have efficient compensatory mechanisms to maintain cholesterol
homeostasis was clearly demonstrated by Andrews elt al., 1968. After 
14giving C- labelled cholesterol orally, the authors observed a rapid 
build up of the label in the liver, plasma and intestine with a rapid 
turnover into two excretory pathways: eggs and feces. In layers
consuming a normal diet (very low or no cholesterol), the compensatory 
mechanisms are mainly regulated by two rate-controlled hepatic enzyme 
systems+HMG Co A reductase for cholesterol synthesis, and cholesterol 
7- a -hydroxylase for cholesterol oxidation to bile acids (Mitchel ert 
al., 1979). These enzyme systems show a diurnal rhythm, and their
activation or inhibition depend upon nutritional and physiological 
conditions.
The remarkable ability of the hen to prevent diet induced 
hypercholesterolemia -emphasizes the importance of the excretory 
pathways, namely feces and egg production. The fecal pathway in several 
species have been extensively reviewed by Wilson, 1972, and this route 
is initiated with the 7- a -hydroxylation of cholesterol in the liver 
resulting in the formation of taurocholic acid, the primary bile acid 
for several species. The formation of several other conjugated bile 
acids occur rapidly afterward and are excreted into bile. The most 
abundant primary conjugated bile acids in layers are chenodeoxycholate 
and cholate (Burczak £t al., 1980). Once these bile acids reach the 
gastrointestinal tract they can be reabsorbed or undergo bacterial 
transformation to secondary bile acids (Subbiah et̂  al., 1972).
6
The excretion of cholesterol to the egg has been shown to be very 
effective in maintaining cholesterol homeostasis, especially under 
dietary cholesterol overload (Harris and Wilcox, 1963). The work done 
by Wood et_ ad., 1961, demonstrated that laying hens were less 
susceptible to hypercholesterolemia induced by 1% dietary cholesterol as 
compared to mature cockerels and young chicks of either sex. These 
findings were later confirmed by Ho, 1976, who reported that actively 
laying hens had decreased cholesterol content in most tissues, despite 
the persistence of minimal hypercholesterolemia with mild 
atherosclerosis as compared to nonlaying hens which developed extreme 
hypercholesterolemia and severe atherosclerosis.
Cholesterol circulates in association with the plasma VLDL fraction 
and to a lesser extent with the LDL fraction. Once these lipoproteins 
reach the chicken ovarian tissue, they are bound to the oocyte membranes 
which internalize the lipoproteins, releasing the cholesterol which is 
then transferred to the developing yolk. This was demonstrated by Yusko 
et al., 1981, who also reported the oocyte membranes as specific
receptor sites sequestering vitellogenin, and VLDL. Since the plasma 
VLDL fraction contains both free and esterified cholesterol, the form of 
cholesterol actually transferred to the egg yolk has not been completely 
defined. However, it is known that approximately 96% of the total 
cholesterol in the egg yolk of White Leghorns, as determined by a 
gas-liquid chromatography (GLC) method, is in the free form (Bitman and 
Wood, 1980).
Egg Yolk Cholesterol
The average cholesterol content of the egg yolk, as reported by 
Naber, 1976, is 250 mg which is roughly equivalent to 11 mg of
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cholesterol per gram of yolk. From the evidence of several studies it 
seems to be clear that the cholesterol is present in the egg yolk 
because it is required for normal embryonic development and for chick 
growth during the first week after hatching (Weiss and Scott, 1979).
The degree of dietary-induced hypercholesterolemia was positively 
correlated with the body weight of the baby chick, and when cholesterol 
was omitted from the diet, plasma, liver, and total yolk sac cholesterol 
declined rapidly during the first week of the chick's life. (Whiteside 
and Fluckiger, 1964).
In an autoradiographic study on the distribution of the yolk
14cholesterol, Svanberg, 1971, injected C-4-cholesterol into invaginated 
yolks of newly hatched chicks. The labelled compound was shortly 
transported to the liver, and from the liver transferred to most organs. 
The organs engaged in steroid hormone synthesis incorporated more yolk 
cholesterol than other tissues. Furthermore, Weiss and Scott, 1979 and 
Sutton et̂  al., 1981, indicated that there is a basal quantity of
cholesterol deposited ̂ in the egg with ovarian synthesis operating to 
maintain an essential cholesterol level in the egg.
Based upon all the above information, it is not exaggerated to 
assume that neither the embryo nor the newly hatched chick have the 
enzyme system to synthesize cholesterol and that their source has to be 
the cholesterol deposited in the egg yolk from either plasma or ovarian 
origin.
Llpidic Dietary Factors Affecting the Egg Yolk Cholesterol Levels
Depending upon the feeding conditions, the cholesterol deposited in 
the egg yolk can either come from endogenous and exogenous sources.
Dietary cholesterol. Feeding cholesterol to laying hens is
generally associated with increased levels of egg yolk cholesterol. 
Harris and Wilcox, 1963, found increases of 42 to 50% over pretreatment 
levels in egg yolk cholesterol when hens were fed crystalline 
cholesterol at level of 1 to 4%. Significant increases of yolk 
cholesterol were also obtained by Chung trt al., 1965 and Weiss et al., 
1967, when cholesterol was added to low fat diets of laying hens. 
However, Miller and Denton, 1962, did not find any significant changes 
in yolk cholesterol over the controls when 5% of dried yolk powder, 
approximately 0.16% cholesterol, was included in the diets of White 
Leghorn and Barred Plymouth Rock hens. This finding indicated the 
influence of the type and level of dietary cholesterol in altering the 
yolk cholesterol content. The type rather than the level may have the 
major influence. Sim et al., 1980, found that high dietary levels (1%) 
of crystalline cholesterol had a significantly greater influence on 
raising the serum cholesterol concentration of White Leghorn cockerels 
than an equal amount of dietary cholesterol fed as dried egg yolk 
powder. ^
Dietary Fats and Oils Many reports have shown that the feeding of 
dietary fats and oils to laying hens would cause an elevation in the egg 
yolk cholesterol by improving the cholesterol absorption from the 
intestinal tract.
Studies by Weiss et̂  al., 1967, showed that the egg cholesterol
concentrations were increased significantly when hens were fed diets 
containing either safflower oil, hydrogenated safflower oil, or coconut 
oil at a level of 30%, whereas the same levels of corn oil or animal fat 
resulted only in slight increases. Moreover, safflower oil at levels up 
to 15% did not increase egg yolk cholesterol, but when fed at a 29%
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level along with 1% cholesterol the elevation of the yolk cholesterol 
was enhanced. In general agreement with these studies are the results 
obtained by Bartov et al., 1971, who found that 20% of either safflower 
or coconut oils in the diets of layers significantly increased the egg 
yolk cholesterol content. These results were expressed as percent 
change over the pretreatment levels.
Lower levels of fats and oils in the diets of 50 week-old White 
Leghorns (Shaver-strain 288) have been also shown to change the egg yolk 
cholesterol over the pretreatment levels. Coreil, 1980, reported that 
coconut oil, olive oil, safflower oil and tallow, at levels as low as 
5%, with no supplemental cholesterol, increased the cholesterol contents 
of the yolks. However, no significant differences were detected among 
the dietary lipids studied. Similar responses were also obtained by the 
above-mentioned author when the same lipid sources were included at 25% 
of the diets. At this level safflower oil produced the highest 
concentration of egg cholesterol. It is of interest to indicate that in 
general, the egg yolk cholesterol contents reported by Coreil, 1980, 
were very high (averaging 25 mg/g). Moreover, in accordance with his 
results, it appears that the levels of the fat or oils in the diet does 
not have a marked influence on the final cholesterol levels of the egg 
yolk. In general agreement with this indication are the responses 
obtained by Fall and Slinger, 1973, who found no significant increases 
in the egg yolk cholesterol levels when corn oil, tallow and various 
types of rapeseed oils were compared at levels of 10 or 20% in the diet 
of layers. These authors also used White Leghorn hens (Shaver-Strain 
288) and they reported yolk cholesterol values averaging 13 mg/g for 
their 26 week old pullets.
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Chung £t al., 1965, fed diets containing corn oil, lard, and
hydrogenated coconut oil to White Leghorn laying hens and found no 
significant effects on either egg yolk or liver cholesterol in the 
absence of dietary cholesterol. But when cholesterol was added at 1% 
level to the fat supplemented diets, the cholesterol percentage of the 
egg yolk and liver increased significantly. Again when the three lipid 
materials were compared among themselves, no significant differences 
were detected in their effects on egg yolk cholesterol contents. 
However, Sim and Bragg, 1977, reported evidence that favored the 
assumption that different dietary oils behave differently as effectors 
of egg yolk cholesterol concentration. These authors studied the 
effects of hydrogenated coconut oil and safflower oil, both at 8% level, 
with or without supplemental cholesterol (1%) and found that safflower 
oil per se, had a superior property to hydrogenated coconut oil in 
suppressing the cholesterol levels of the egg yolk. However, when the 
safflower diet was supplemented with cholesterol, they obtained a 
significant elevation of the egg yolk cholesterol level, whereas 
cholesterol in combination with hydrogenated coconut oil did not 
significantly change the egg yolk cholesterol content.
Dietary Fatty Acids In poultry as in other animals, the nature of 
the dietary oil has a pronounced effect in the ability of the layer to 
absorb dietary cholesterol (March and Biely, 1960; Chung e£ al., 1965; 
Hullet et al., 1954). Weiss et al., 1967, reported that an unsaturated 
oil such as safflower oil has a synergistic effect on cholesterol 
absorption and increases egg yolk cholesterol. This was later confirmed 
by Sim and Bragg, 1977, who suggested that the stimulating effect of 
safflower oil in raising cholesterol levels of serum and yolk upon
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feeding cholesterol was probably caused by an increased cholesterol 
absorption across the intestinal barrier. Safflower oil is particularly 
rich in linoleic acid containing 74.1% (Reeves and Weihrauch, 1979). 
Corn oil is also a very important source of linoleic acid, containing 
52.2% (Lall and Slinger, 1973). Thus both oils have been extensively 
used in cholesterol studies.
The feeding of saturated or unsaturated oils produce considerable 
changes in the fatty acid composition of the liver, serum and egg yolk 
of laying hens (Sim and Bragg, 1978). They found that when 8% 
hydrogenated coconut oil (HCO, saturated) was fed to White Leghorn 
layers, the dominating fatty acid in liver, serum, and egg yolk was 
oleic acid (18:1), whereas when safflower oil (SFO), was fed at the same 
level, the linoleic acid increased considerably in the tissue studied, 
particularly in the liver. Moreover, the addition of cholesterol to the 
HCO diet remarkably enhanced the dominancy of oleic acid in all tissues, 
whereas the supplemental cholesterol in the SFO diet did not alter the 
supremacy of oleic acid over linoleic acid, especially in the serum and 
egg yolk lipids.
With regard to the implications of fatty acids in the absorption of 
cholesterol, very little work has been done using chickens. In the rat, 
Swell et al., 1954, showed that oleic acid exerted a greater effect on 
dietary cholesterol absorption than linoleic acid when both were 
separately included in the diets along with sodium taurocholate and 
cholesterol. In another experiment the same workers obtained similar 
responses when olive oil, one of the richest sources of oleic acid, was 
fed in combination with the bile salt and cholesterol. Oleic acid was 
more effective than the oil in the absorption and elevation of plasma
12
cholesterol. It was suggested that the dietary fat serves a dual 
purpose: a) it stimulates the flow of bile necessary for pancreatic
esterase activity and b) it provides the fatty acid necessary for the 
intestinal cholesterol esterification. However, the results of Pihl, 
1955, demonstrated that the stimulating effect of free fatty acid, 
particularly oleic acid, on cholesterol absorption is not due to the 
formation of cholesterol esters prior to absorption and that the 
conditions in the intestinal tract of the rat favor hydrolysis of 
cholesterol esters.
In White Leghorn chickens of both sexes, Teekell et̂  al., 1975,
found that the degree of saturation (18:1 v£ 18:2) had no effect on the 
free cholesterol of the liver. In the blood plasma, the diet containing 
linoleic acid plus cholesterol produced a significant increase of free 
cholesterol as compared to the cholesterol supplemented stearic acid 
(18:0) diet. It was then suggested that the degree of unsaturation of 
fatty acids was important in elevating plasma free cholesterol levels. 
The study by the above-cited workers indicated that dietary unsaturated 
fatty acids favored the cholesterol absorption by young chickens. 
Cholesterol Analytical Procedures
The steps necessary to determine cholesterol are extraction of 
lipids, separation of cholesterol from these lipids and detection of the 
isolated cholesterol (Sweeney and Weihrauch, 1976). The extraction of 
lipids from biological materials is done with organic solvents or 
mixtures of them in various proportions. The solvents used may include 
acetone, methanol, ethyl ether, ethanol, chloroform and isopropanol. 
The separation may be achieved using digitonin which precipitates the 
free cholesterol but not its esters, or some physical methods which
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include column, thin-layer and gas-liquid chromatography. The 
chromatographic methods result in eluates containing mixtures of free 
and esterified cholesterol which can be separated by manipulating the 
polarity of the solvent mixtures.
In some cases the cholesterol content is determined directly by 
addition of a color-producing reagent to the lipid extract, but this in 
turn may cause problems with interfering material which react with the 
color-producing reagent giving colors similar to that given by 
cholesterol.
The measurement of cholesterol may be done by gravimetric, 
titration, colorimetric, refractometry, fluorometry or gas-liquid 
chromatography procedures. Each of these methods have advantages and 
disadvantages, and their use is determined by the resources available 
(equipment) and by the nature of the cholesterol study. The 
colorimetric procedures are widely used, and among them the most 
popular are based on the classical Liebermann-Burchad reaction between a 
solution of cholesterol in acetic anhydride and concentrated sulfuric 
acid; the ferric chloride, glacia’l acetic acid, and sulfuric acid 
reaction by Zlatkis et al., 1953; the ferric ammonium chloride solution 
by Zak and Epstein, 1961; the o-phthalaldehyde in glacial acetic acid 
and sulfuric acid by Zlatkis and Zak, 1969; and a great number of 
modifications of the above procedures by several researchers.
Regarding the egg yolk cholesterol determination, Weiss et̂  al., 
1964, developed a method for boiled egg yolks which involved extraction 
with a 2:1 chloroform-methanol and saponification. This method is a 
modification of the Zlatkis et al., 1953 procedure which according to 
the authors eliminates the interference of both unsaturated fatty acids
14
and of unsaturated carotenoid compounds during color development.
The advent of automated analyzer for determining total serum 
cholesterol (Levine and Zak, 1964) using isopropanolic lipid extracts, 
have added precision to the determinations by minimizing the human 
errors of manual procedures. The additional time saving usually allows 
a greater number of samples to be analyzed in a given period of time.
Since the cholesterol determination is one of the critical aspect 
in studies dealing with cholesterol metabolism, the great variability of 
the results reported may be due, in part, to the particular method of 
analysis selected by the researchers.
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GENERAL EXPERIMENTAL PROCEDURES 
Seven experiments were conducted, from March, 1983 to August, 1983, 
at the 40x80 house of the Louisiana State University Experimental 
Poultry Farm.
Experimental Birds
The experiments involved a total of 142 individually caged 
commercial Single Comb White Leghorn layers of 55 weeks of age or older. 
Since the cholesterol content of the egg yolk tends to be higher as egg 
production decreases (Sutton et al., 1981), healthy layers of similar 
egg production level were selected as experimental animals. Each hen 
was leg-banded and randomly caged in one of two rows of cages. Feed and 
water were provided ad-libitum.
Dietary Lipids
The oils evaluated were olive oil from Oberti Olive Co., a Division 
of Trivalley Growers, San Francisco, California; and crude safflower oil 
from P.V.O. International, Inc., Richmond, California. The fatty acid 
composition of the oils can be seen in Table 1. The pure sources of the 
fatty acids evaluated were linoleic and oleic acids, USP obtained from 
the Fisher Scientific Company, Farr Lawn, NJ.
Crystalline cholesterol (5, 6 - cholesten-3-ol), with a purity of 
at least equivalent to USP, purchased from SIGMA Chemical Company, St. 
Louis, MO, was utilized as the source of dietary cholesterol.
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TABLE 1
Fatty acid composition of the oils^ used in this study
Fatty acid
No. of carbons: Common Olive Safflower
No. of double bonds Name Oil Oil
 g fatty acids per 100 g oil--
14:0 myristic - 0.1
16:0 palmitic 11.0 6.2
16:1 palmitoleic 0.8 0.4
18:0 stearic 2.2 2.2
18:1 oleic 72.5 11.7
18:2 linoleic 7.9 74.1
18:3 linolenic 0.6 0.4
Saturated total 13.5 9.1
Monounsaturated total 73.7 12.1
Polyunsaturated total 8.5 74.5
^Reeves and Weihrauch, processed oils, 1979
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General Basal Diet
A conventional corn-soybean type layer mash formulated to contain 
18 percent crude protein and 2970 kcal/kg of metabolizable energy was 
used as the basal diet. The basal ration is described in Table 2. The 
various experimental diets were obtained by the addition of cholesterol, 
olive and safflower oils, oleic and linoleic acids, or their 
combinations to the basal diet. Cholesterol was added at the expense of 
corn, and the oils and fatty acids were added at the expense of the oil 
source. The addition of the dietary lipids studied or their 
combinations corresponded to the different sets of treatments in the 
various experiments conducted. The calculated linoleic acid content of 
the basal ration was 1.3%.
Sampling Procedure
For the first experimental series (Experiments 1, 2, 3 and 4), the 
egg yolk samples were obtained by collecting every first egg laid from 
each hen just prior to the onset of the experiments. The eggs were hard 
boiled for 15-20 minutes the same day of collection and stored at about 
6 C until weighed and analyzed for cholesterol. These initial 
cholesterol determinations (pretreatment levels) were recorded and used 
as covariables.
At the termination of each experiment, the same sampling procedure 
was utilized, and the determined cholesterol contents (post-treatment 
levels) were recorded as final values.
For the second series of experiments, (Experiments 5, 6 and 7), in 
addition to the egg yolk cholesterol contents, total liver cholesterol 
was also determined. All the birds were sacrificed by decapitation at 
the end of each experiment, the livers were removed, placed in plastic
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TABLE 2
Composition of the basal diet
Ingredients Percent
Corn 49.19
Soybean meal (4A) 32.04







^Commercial premix, composition shown in Table 3.
2Supplies per kg of diet: manganese, 65 mg; zinc, 
55 mg; iron 55 mg; copper, 12 mg; iodine, 0.35 mg 
and selenium, 0.05 mg
3The oil source consisted of one of the following: 
1) olive oil, 2) safflower oil, 3) oleic acid or 
A) linoleic acid
TABLE 3
Composition of the commercial vitamin premix
Vitamin A, IU 
Vitamin D^» IU 





1,200,000 Menadione, mg 65
400,000 Folic acid, mg 40
1,000 Thiamine, mg 200
1.2 Pyridoxine, mg 200
800 d-Biotin, mg 6.0
3,000
1,200
*By Roche Chemical Division, recommended by the manufacturer 
to be used at a rate of 5 lb/2,000 lb of finished feed (0.25%)
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bags, and kept frozen until weighed and analyzed.
Cholesterol Extraction and Determination
Egg Yolk Cholesterol. The hard boiled eggs were first individually 
weighed then peeled and the yolks collected and weighed in tared 
aluminum dishes. The entire yolk was then blended with a volume of 
isopropyl alcohol (technical grade) proportional to the yolk weight for 
three minutes. The volume of the alcohol was calculated according to 
the following formula:
ml of isopropanol = yolk weight (g) X 10 - yolk weight (g)
Regardless of the weight of the egg yolk, the formula for calculating 
the volume of the extracting solvent always resulted in a constant 
proportion of 0.10 g of yolk per ml of solvent.
Following blending the mixture was collected in a 250 ml flask 
which was stoppered and allowed to stand overnight. The following 
morning a 10x150 mm teflon-lined screw-cap tube was filled with the 
extract and stored at about 6 C until analyzed.
The total cholesterol content of the extract was determined using a 
Technicon Autoanalyzer II. The method used was a modification of the 
Method No. SE4-0016F H4 released in August, 1974, which is based on the 
classical Lieberman-Burchard reaction between cholesterol and 
concentrated sulfuric acid. The reaction results in the formation of a 
green-colored compound found to be bis-cholestadienyl disulfonic acid by 
Hewitt and Pardue, 1973.
This method is a recognized procedure for the determination of 
cholesterol in serum.
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Before the analysis, the refrigerated lipid extract was allowed to 
equilibrate to room temperature, approximately 3 ml of the extract was 
then transferred to the sample cup, and placed in the sampler of the 
autoanalyzer. The stream of the system was previously washed with 
isopropyl alcohol for 30 minutes, and then the newly prepared 
cholesterol color reagent (Lieberman-Burchard) was connected to the 
stream, and the system was allowed to warm up (15-20 minutes) and a 
proper bubble pattern attained. Following appropriate calibration and 
adjustment of the baseline, the colorimeter Rotary Display Switch of 
the machine was turned to position DAMP 1 for the analysis.
As illustrated in Figure 1, the extracted sample was added to the 
air segmented stream of cholesterol color reagent, and the mixture was 
then diluted with an amount of isopropyl alcohol equal to the sample 
volume. The diluted mixture first entered a 20 turns mixing coil 
(157-0224-01) and then entered a 20 turns manifold coil (157-0248-01), 
and the color development proceeded. The absorbance of the analytical 
stream was measured at 630 nm in a flow cell that had a 15 mm light path 
and an inside diameter of 1.5 mm. The signal was recorded in peak whose 
reading is directly proportional to the sample cholesterol 
concentration.
Cholesterol Standard Solution. The working standard was prepared 
from a Cholesterol Stock Solution of 5mg/ml in isopropanol (SIGMA 
Chemical Company, St. Louis, M0). Ten ml of the stock solution (50 mg 
of cholesterol) were transferred to a 50 ml volumetric flask and brought 
to volume with isopropyl alcohol (histological grade). The resulting 
concentration of the working standard was 100 mg%.
In order to adjust for the drifting effect of the autoanalyzer,
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four sample cups were filled with approximately 3 ml of the working 
standard and placed in positions 1, 10, 20 and 30 of the sampler. The 
egg yolk extract samples were then intercalated among the standards. 
The positioning of the standards in the sampler allowed to correct the 
peak readings for every set of 8 samples for the appropriate standard RF 
value (mg% standard reading), and thus eliminating the drifting effect.
The cholesterol concentration per gram of yolk was calculated 
according to the following formula:
mg chol./g yolk = (extract peak reading) (RF)/10
The total cholesterol content of the entire egg yolk was determined 
by multiplying the amount of cholesterol per gram times the egg yolk 
weight.
Liver Cholesterol
After thawing, the entire livers were weighed and approximately 
half of each was wrapped in aluminum foil and boiled for 15-20 minutes. 
The boiled liver sample was then accurately weighed in tared aluminum 
dish, minced and blended with a proportional volume of isopropyl alcohol 
calculated in the following manner:
ml isopropanol = liver samp, weight (g) x 10 - liver samp. wt. (g)
The extract was filtered through a Whatman No. 4 filter paper and 
collected into a 125 ml flask, and then transferred to a teflon-lined 
screw cap tube. Before storing the extract at about 6 C, a fraction of 
the extract was tested for the Lieberman-Burchard reaction at room
24
temperature. The reaction occurred immediately as the characteristic 
green color developed.
The following steps for the total liver cholesterol determination 
were as described for yolk cholesterol except that, as illustrated in 
Figure 2, the mixture of the liver extract and cholesterol color reagent 
was not further diluted with isopropanol.
Again, the cholesterol concentration per gram of liver was 
calculated according to:
mg chol./g of liver = sample ext. read.) (RF)/10
and by multiplying the above value times the weight of the liver, the 
total cholesterol was then determined (whole liver cholesterol).
Cholesterol Standard Solution. The working standard for the liver 
cholesterol determinations was prepared from the Stock Standard Solution 
(5 mg/ml) to attain a concentration of 100 mg% of cholesterol. Again a 
set of four standards of the same concentration were intercalated among 
the sample extracts to correct for the drifting effects of the 
autoanalyzer.
Miscellaneous Evaluation Criteria
Feed consumption and egg production were the additional variables 
measured. Egg production was recorded daily in all experiments. Feed 
consumption was measured weekly in the first four experiments whereas in 
the last three experiments the feed intake was calculated by 
subtracting the weight of the feed left at the termination of the 
trials from the initial amount offered.
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EXPLICIT EXPERIMENTAL PROCEDURES 
Experiment No. Preliminary studies on the Effects of Dietary Olive
and Safflower Oils
Single Comb White Leghorn (SCWL) layers 55 weeks of age were
separated into four groups of 4 layers each. The hens were individually 
caged, and to each group one of the following treatments were randomly 
applied: diet A, containing 8% olive oil; diet B, 8% olive oil plus 1%
cholesterol; diet C, 8% safflower oil; and diet D, 8% safflower oil plus
1% cholesterol. The dietary lipids were added to a basal ration 
previously described in Table 2. Initial egg yolk cholesterol content 
was determined on the first egg laid from each hen at the beginning of 
the experiment and final egg yolk cholesterol content three weeks later. 
Records were also kept on daily egg production and weekly feed 
consumption. The design used was a randomized block design with four 
blocks. In order to adjust for the initial egg cholesterol content, the 
statistical analysis for this variable was done by the analysis of 
covariance. The variables egg production and feed consumption were
analyzed in accordance to the analysis of variance, and in all cases the 
differences between treatment means were determined by LSD.
Experiment No. 2_. Preliminary Studies on the Effects of Dietary Oleic 
and Linoleic Acids
This trial was simultaneously conducted with experiment No. I. Its 
purpose was to obtain preliminary information concerning the effects of 
oleic acid and linoleic acid on the egg yolk cholesterol content. Oleic 
acid is the major fatty acid (72.5%) in olive oil whereas linoleic acid 
is the major fatty acid (74.1%) in safflower oil. The number, type, 
age, grouping and setting of the layers were the same as previously
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described for experiment No. 1. The dietary treatments studied were, 
diet E, containing 6% oleic acid; diet F, 6% oleic acid plus 1% 
cholesterol; diet G, 6% linoleic acid; and diet H, 6% linoleic acid plus 
1% cholesterol. The levels of oleic and linoleic acids added to the 
basal diet (Table 2) were approximately equal to the amounts provided by 
the olive and safflower oils of the previous experiment respectively. 
The records kept, the variables measured, and the egg sampling procedure 
were done in the same manner as in experiment No. 1. The duration of 
the experiment, the experimental design used and the statistical 
analyses employed were also the same.
Experiment No. 3. Individual Hen Responses to Dietary Olive Oil, 
Safflower Oil and Cholesterol
This experiment was carried out to examine the effect of individual 
hen variation when fed diets containing olive and safflower oils with or 
without supplemental cholesterol. Eight individually caged SCWL layers 
of 55 weeks of age were used, and to each hen a sequence of dietary 
treatments, in a specific order, were randomly assigned. In order for 
each hen to serve as their own control, the animals were kept under each 
dietary treatment for a two-week period and then changed to the next 
treatment of the sequence. The ordering of the treatments within each 
sequence was randomly determined. Each layer corresponded to a 
different sequence and the distinctive order of the treatments assigned 
constituted a sequence. The ordering of the treatments and sequences 
are presented in Table 4. The dietary treatments consisted of the diets 
A, B, C, and D utilized in experiment No. 1. The variable egg yolk 
cholesterol content was determined on egg samples taken on each hen at 
the end of every two-week period. The experiment was terminated after 8
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TABLE 4
Treatment ordering and sequences for experiment No. 3
Hen No. Order
3701 A1 D B C
3702 B A C D
3703 C B D A
3704 D C A B
3705 A B D C
3706 D A C B
3707 C D B A
3708 B C A D
^Treatment A, 8% olive oil
Treatment B, 8% olive oil + 1% cholesterol
Treatment C, 8% safflower oil
Treatment D, 8% safflower oil + 1% cholesterol
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weeks when all the sequences were completed. Records were kept on daily 
egg production and weekly feed consumption. Due to the relatively high
oil contents of the experimental diets, and to the duration of the
\
experiment, the diets were kept refrigerated at 50 C. Feed and water 
were provided ad libitum. A 4x4 double latin square was the design 
used, and the data were analyzed as a cross-over design having hens, 
order and diets as sources of variation. The difference between 
treatment means were determined by the test of least significant 
difference.
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Experiment No. 4̂  Individual Hen Responses to Dietary Oleic Acid,
Linoleic Acid, and Cholesterol
This experiment was simultaneously conducted with trial No. 3. The 
objective of the experiment was to study the effects of individual hen 
variations on egg yolk cholesterol when the hens are fed diets
containing oleic and linoleic acids with or without added cholesterol.
The number, type, and age of the layers, and the experimental setting 
and procedures were exactly the same as for experiment No. 3. The 
dietary treatments studied consisted of the diets E, F, G and H utilized 
in experiment No. 2. The ordering of the treatments and sequences are 
presented in Table 5. The records kept and the egg sampling procedure 
for cholesterol determination were done in the same manner as for 
experiment No. 3 as were the duration of the experiment, the
experimental design, the statistical analysis and the testing for 
differences between pairs of treatment means.
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Table 5
Treatment ordering and sequences for experiment No. 4
Hen No. Order
3709 E1 H F G
3710 F E G H
3711 G F H E
3712 H G E F
3713 E F H G
3714 H E G F
3715 G H F E
3716 F G E H
^Treatment E, 6% oleic acid
Treatment F, 6% oleic acid + 1% cholesterol
Treatment G, 6% linoleic acid
Treatment H, 6% linoleic acid + 1% cholesterol
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Experiment No. 5_. General Relations Among Dietary Olive Oil, Safflower
Oil and Cholesterol Affecting Egg Yolk and Liver Cholesterol
In order to evaluate most possible combinations of the levels of
the dietary oils and cholesterol examined in experiments No. 1 and 3, a
trial with a incomplete factorial arrangement of treatments was carried
3out. The factorial was a 2 arrangement the first factor being olive 
oil at dietary levels of 1 and 8%, safflower oil at dietary levels of I 
and 8% the second factor and dietary cholesterol, the third factor at 
levels of 0 and 1%. In those treatment combinations in which olive and 
safflower oils were included together in the diets, with or without 
cholesterol, the levels of the oils were reduced to 4% each to keep the 
total oil level up to 8%. The identification and description of the 
resulting 8 dietary treatments are presented in Table 6. Adjustments to 
the basal diet (Table 2) were made to maintain the calorie: protein 
(C/P) ratio approximately equal to 73:1 in all treatments. The 
treatments were randomly assigned to a total of 32 individually caged 
SCWL layers. The duration of the experiment was two weeks, and at the 
end of the second week a single egg sample was collected from each hen 
for egg yolk cholesterol analysis. Egg production and feed consumption 
were recorded and at the termination of the experiment the layers were 
fasted for at least 15 hours, sacrificed, and the livers removed for 
cholesterol determination. The experimental design was a randomized 
block design with four blocks. Feed and water were provided ad libitum.
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Table 6
Identification and description of the treatments for experiment No. 5*
Treatment No 2Type of lipid and dietary level
1 Olive oil 1. Safflower oil 1, Cholesterol 0
2 Olive oil 8, Safflower oil 1, Cholesterol 0
3 Olive oil 1, Safflower oil 8, Cholesterol 0
4 Olive oil 4, Safflower oil 4, Cholesterol 0
5 Olive oil 1, Safflower oil 1, Cholesterol 1
6 Olive oil 8, Safflower oil 1, Cholesterol 1
7 Olive oil 1. Safflower oil 8, Cholesterol 1
8 Olive oil 4, Safflower oil 4, Cholesterol 1
Incomplete arrangement of treatments to keep the maximum dietary 
oil level up to 8%.
I
Dietary levels expressed in percent.
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Experiment No. 6̂. Interrelationships Between Dietary Olive Oil and
Cholesterol Affecting the Egg Yolk and Liver Cholesterol
Since the results for the variable liver cholesterol in experiment
No. 5 showed a significant dietary olive x cholesterol effect, an
factorial experiment was conducted to define the trend of the above
effect. The experimental design was a randomized block design with four
blocks. A factorial arrangement of treatments was set up with dietary
olive oil at levels of 1, 5 and 9% and cholesterol levels 0, 0.5 and 1%
2respectively in a 3 arrangement. The respective dietary amounts were 
chosen to obtain equally spaced levels (intervals) of both factors, and 
to estimate the linear and quadratic contrasts as well as the linear by 
linear, linear by quadratic, and quadratic by quadratic trends of the 
response curves. The identification and description of the resulting 9 
dietary treatments are presented in Table 7. Adjustments of the basal 
diet were made to maintain a similar calorie-protein ratio among the 
treatments. The treatments were randomly assigned to a total of 36 
individually caged SCWL layers. The duration of the experiment was two 
weeks. At the end of the second week a single egg sample was collected 
from each hen for cholesterol analysis. Records were kept on egg 
production and feed consumption. At the termination of the experiment 
the layers were fasted for at least twelve hours, sacrificed, and the 




Identification and description of the treatments for experiment No. 6











Experiment No. _7. Relations Between Dietary Safflower Oil and
Cholesterol Affecting Egg Yolk and Liver Cholesterol
Even though in experiment No. 5 the safflower oil factor showed no
main or interaction effects, it was decided to further examine its
relationships with dietary cholesterol. The experiment was conducted in
2the same manner as experiment No. 6, being a 3 factorial arrangement of 
treatments in a randomized block design, with two factors, dietary 
safflower oil and cholesterol, at levels of 1, 5 and 9%, and 0, 0.5 and 
1% respectively. The identification and description of the resulting 9 
dietary treatments are presented in Table 8.
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Table 8
Identification and description of the treatments for experiment No. 7













The effects of olive and safflower oils on the cholesterol content 
of the egg yolk are presented in Table 9 and illustrated in Figure 3. 
The analysis of covariance showed significant differences (P < .05) 
among the dietary treatments. The addition of cholesterol to the diets 
increased the post-treatment egg yolk cholesterol values for both oils. 
The dietary oils with cholesterol (diets B and D) and without 
cholesterol (diets A and C) did not differ from each other. Although 
the covariable was not significant, the alteration in relative 
concentration of yolk cholesterol over pre-treatment values did not 
follow the exact same pattern for change and whole yolk levels. The 
addition of cholesterol to the olive oil diet did not reach statistical 
difference for change. The same response was obtained with whole yolk 
levels. The analysis of variance of yolk weight, egg production, and 
feed consumption data (Table 10) revealed that these variables did not 
respond to the dietary treatments.
Experiment No. 2_.
In Table 11 and Figure A are presented the effects of oleic and linoleic 
acids on the cholesterol content of the egg yolk. The analysis of 
covariance showed significant differences (P < .05) among the dietary 
treatments. The additon of cholesterol to the oleic acid diet 
significantly increased the values for all the three variables 
considered (post-treatment levels, change and whole yolk levels). The 
linoleic acid diet did not respond in the same manner. The dietary 
fatty acids with cholesterol (diets F and H) or without cholesterol 
(diets E and G) did not differ from each other. The responses for all
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Table 9
The effects of dietary olive oil and safflower oil on cholesterol 
content of the egg yolk (Experiment 1)*










A 10.75 11.56±0.94bc 0.81±1.08ab 224.2125.2
B 10.64 15.01±0.93a 4.37±1.08a 308.4125.2a
C 10.99 10.72±0.94C -0.27±1.08b 197.8125.3b
D 10.19 O  Vl14.23±0.95 4.04±1.08a 265.7125.4
Since there were no oil by cholesterol interaction effects, the 
results are presented as diets.
Â, 8% olive oil; B, 8% olive oil + 1% cholesterol; C, 8% safflower 
oil; D, 8% safflower oil + 1% cholesterol.
3Difference between pre- and post-treatment egg yolk cholesterol 
contents.
SL b c* * Means with the same letters are not significantly different 















FIG. 3. Post-treatment egg yolk cholesterol 
contents as affected by diets A, 8%'olive oil; 
B, 8/5 olive oil + 1% cholesterol; C, Q% 
safflower oil; and D, 8% safflower oil + 1% 
cholesterol. (Experiment No. 1)
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Table 10
The effects of dietary olive oil and safflower oil on egg yolk weight, 








A 19.4+0.78a 16.5±2.23a 107.2+5.90a
B 20.5+0.783 12.5+2.233 102.4±5.90a
C 18.2+0.79a 14.0±2.23a 98.9±5.90a
D 18.6±0.79a 16.7±2.23a 102.2±5.90a
^Since there were no oil by cholesterol interaction effects, the 
results are presented as diets.
2A, 8% olive oil; B, 8% olive oil + 1% cholesterol; C, 8% safflower
oil; D, 8% safflower oil + 1% cholesterol.
3Boiled egg yolk weight.
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Table 11
The effects of dietary oleic and linoleic acid on cholesterol content of 
the egg yolk (Experiment 2)*










E 10.60a 11.20±0.84b 0.57+0.80b 206.2+16.5b
F 10.443 14.64±0.89a 4.15+0.80a 271.3±16.5a




Since there were no oil by cholesterol interaction effects, the 
results are presented as diets.
2E, 6% oleic acid; F, 6% oleic acid + 1% cholesterol; G, 6% 
linoleic acid; H, 6% linoleic acid + 1% cholesterol.
3Difference between pre- and post-treatment egg yolk cholesterol 
content.
3. b* Means with the same letter are not significantly different 
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FIG. U, Post-treatment egg yolk cholesterol 
content as affected by diets E, 6% oleic acid; 
F, 6% oleic acid + 1% cholesterol; G, 6% 
linoleic acid; and H, 6% linoleic acid + 1% 
cholesterol. (Experiment No. 2)
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the variables followed the exact same pattern. The analysis of variance 
and the test for significant differences of the variables egg yolk 
weight, egg production, and daily feed intake (Table 12) revealed that 
the layers fed the diet containing 6% linoleic acid plus 1% cholesterol 
(diet H), produced less number of eggs and consumed the lowest amount of 
feed (P < .05). There was no significant differences among egg yolk 
weight means. Again, the covariate yolk cholesterol pre-treatment
levels were similar.
Experiment No.
The effects of individual layers fed diets containing olive or safflower 
oils with or without cholesterol on the egg yolk cholesterol levels are
reported in Table 13. The analysis of variance showed that the hen
effect approached significance, (P = .058). When the means of the hens 
were compared among themselves by the test of least significant 
differences, it was detected that hens number 3708 and 3706 had 
significantly higher (P < .05) concentration of egg yolk cholesterol and 
whole yolk cholesterol respectively. The other six layers had similar 
cholesterol contents. The variable whole yolk cholesterol level
responded in a similar manner as for the variable cholesterol level per 
gram of yolk. Regarding the egg yolk weight, egg production, and daily 
feed intake (Table 14), the analysis of variance showed that individual 
hens had significant effects (P < .05). The effects of the ordering of 
the dietary treatments within sequences on egg yolk cholesterol levels 
are presented in Table 15. The results showed that regardless of the 
ordering of the diets within the sequences, as the diets are changed, 
the yolk cholesterol levels also changed accordingly. In this respect, 
the responses to dietary changes were sharply detected in two week
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Table 12
The effects of dietary oleic and linoleic acid on egg yolk weight, egg 








E 18.3±0.93a 15.0±1.55a 104.0±5.02a
F 18.5±0.96a 15.7±1.55a 103.9±5.02a
G 19.2±0.95a lA.0±1.55a 109.2±5.02a
H 19.2±1.34a 6.3±1.86b 85.0±6.03b
^Since there were no oil by cholesterol interaction effects, the 
results are presented as diets.
3E, 6% oleic acid; F, 6% oleic acid + 1% cholesterol; G, 6% 
linoleic acid; H, 6% linoleic acid + 1% cholesterol.
3Boiled egg yolk weight.
3. b’ Means with the same letter are not significantly different
(P < .05) based on LSD.
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Table 13
Egg yolk cholesterol variations as affected by individual hens fed olive 
and safflower oils^
Hen No.
Egg yolk cholesterol 
levels (mg/g)











Experiment No. 3. Values determined on boiled egg yolks from 
hens fed olive or safflower oil containing diets with or without 
added cholesterol.
2Standard error of mean.
Qi b c’ ’ Means with the same letters are not significantly different
(P < .05) based on LSD.
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Table 14
Egg production, feed consumption and egg yolk weight as affected by 
individual hens fed olive and safflower oils*
Hen No.






3701 19.3+0.34cd 12.0±0.36a 113.l±1.69a
3702 19.5±0.34C 10.5±0.36bc 105.5+1.69°
3703 20.3±0.34bc 10.7±0.36bc 113.7±1.69a
3704 18.4±0.34de 12.2±0.36a 107.3+1.69bc
3705 21.9±0.34a 11.5±0.36ab 110.2±1.69abc
3706 20.9±0.34b 10.5±0.36bc 106.8±1.69b°
3707 19.5±0.34c 10.7±0.36bc
qK110.9+1.69
3708 17.7±0.34e 10.2±0.36C 91.2±1.69d
SEM3 .34 .36 1.69
^Experiment No. 3. Performance of individual hens fed olive or 
safflower oil containing diets with or without added cholesterol.
2Weight of boiled egg yolks.
3Standard error of mean.
£1 b c d 6* * * * Means with the same letters are not significantly 
different (P < .05) based on LSD.
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periods. The variable whole yolk cholesterol level did not respond to 
the ordering of the treatments within the sequences.
Table 16 and Figure 5 shows the effects of the dietary treatments 
on cholesterol contents of the egg yolk. The statistical analysis 
revealed that the dietary olive and safflower oils with added 
cholesterol (diets B and D) caused a significant increase (P < .05) in 
the level of cholesterol per gram of egg yolk. When the oils were 
compared without supplemental cholesterol (diets A and C) no difference 
between them were detected. The variable whole yolk cholesterol level 
responded in the same manner as for the variable milligrams of 
cholesterol per gram of egg yolk.
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Table 15
Egg yolk cholesterol as affected by the ordering of the diets within the 
1sequence
Hen No.
Sequence of 2diets fed
Egg yolk cholesterol (mg/g)
3701 A D B C
11.50 16.35 13.23 9.99
3702 B A C D
15.00 10.98 9.45 11.26
3703 C B D A
12.00 12.44 14.04 10.75
3704 D C A B
14.00 10.00 11.34 13.06
3705 A B D C
12.50 10.98 12.15 10.75
3706 D A C B
16.25 12.69 11.61 15.36
3707 C D B A
11.75 12.20 14.58 10.50
3708 B C A D
20.75 9.99 11.88 17.92
^Experiment No. 3.
2Each diet was fed for a period of two weeks; diet A, 8% olive oil; 
diet B, 8% olive oil + 1% cholesterol; diet C, 8% safflower oil; 
diet D, 8% safflower oil + 1% cholesterol.
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Table 16
The effects of dietary olive oil and safflower oil on cholesterol 
content of the egg yolk (Experiment 3)^
2Diet
Egg yolk Cholesterol 
levels (mg/g)






^Since there were no oil by cholesterol interaction effects, the 
results are presented as diets.
Â, 8% olive oil; B, 8% olive oil + 1% cholesterol; C, 8% 
safflower; D, 8% safflower + 1% cholesterol.
£i b’ Means with the same letter are not significantly different 











FIG. 5. Egg yolk cholesterol content as 
affected by diets A, 8% olive oil; B, 8% 
olive oil + 1% cholesterol; C, 8% safflower 




The effects of individual layers fed diets containing oleic or
linoleic fatty acids with or without cholesterol on egg production, feed 
intake, and egg yolk weight are presented in Table 17. The analysis of 
variance showed that individual hens had significant effects on the 
above-mentioned variables (P < .05). Hen 3716 laid eggs with the
heaviest yolks and hen 3712 the lightest yolks. The other six hens laid
eggs with yolks of similar weights and these weights showed intermediate
values. Egg production was significantly higher (P < .05) for the hens
3711 and 3715. As shown in Table 17, the poorest layers were hens 3709
and 3714 and the rest of the hens had an intermediate rate of laying. 
With regard to the daily feed intake, hens 3714, 3711, 3716 and 3710
consumed higher amounts of feed daily and hens 3709, 3712 and 3715
consumed the lowest (P < .05).
The effects of dietary oleic and linoleic fatty acids on daily feed
consumption and egg yolk cholesterol contents are reported in Table 18 
and illustrated in Figure 6. The statistical analysis showed that the 
oleic acid diet (E) resulted in greater feed consumption, whereas the 
linoleic acid plus cholesterol containing diet (H) significantly reduced 
feed intake (P < .05). The addition of 1% cholesterol to the oleic acid
diet (F) slightly decreased feed consumption, and diet G (linoleic acid
alone) resulted in a feed intake comparable to diet F. In relation to 
the effects of diets on egg yolk cholesterol levels (Table 18), the 
statistical analysis revealed that the dietary oleic and linoleic acids 
with supplemental cholesterol (diets F and H) produced significant 
increases in the amounts of cholesterol per gram of egg yolk and in the 
whole yolk cholesterol levels (P < .05). When the fatty acid diets with
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Table 17
Egg production, feed consumption and egg yolk weight as affected by 
individual hens fed oleic and linoleic fatty acids^
Hen No.






3709 aK17.310.63 4.7il.5bc 91.213.7°
3710 a*K18.810.52 9.2+1.5ab 110.013.7a
3711 flb18.310.52 10.5ll.5a 110.613.7a
3712 17.0l0.52b 8.7il.5ab be93.113.7
3713
a'K18.810.52 8.0il.5ab 103.313.7
3714 aVi19.710.52 6.7il.5bc 112.513.7a
3715 17.7i0.54ab 10.511.5a be97.113.7
3716 19.9i0.523 8.211.5ab 110.013.7a
^Experiment No. 4. Hens fed containing oleic or linoleic acids 
with or without added cholesterol.
2Weight of boiled egg yolks.
& b c* * Means with the same letters are not significantly different
(P < .05) based on LSD.
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Table 18
The effects of dietary oleic acid and linoleic acid on feed consumption 
and egg yolk cholesterol content (Experiment 4)^
2Diet





Whole yolk cholesterol 
level (mg)
E 106.8+2.6a 11.04+0.76b 210.2+12.6b
F qK104.4+2.6 17.02±0.70a 301.5±11.5a
G 104.3±2.6ab 10.16+0.73b 187.3±12.0b
H 98.4±2.6b 17.80±0.70a 327.8±11.6a
*Since there were no oil by cholesterol interaction effects, the 
results are presented as diets.
Ê, 6% oleic acid; F, 6% oleic acid + 1% cholesterol; G, 6% 
linoleic acid; H, 6% linoleic acid + 1% cholesterol
fl b* Means with the same letters are not significantly different 
(P < .05) based on LSD.
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FIG. 6. Egg yolk cholesterol content as 
affected by diets E, 6% oleic acid; F, 6% 
oleic acid + 1% cholesterol; G, 6% linoleic 
acid; and H, 6% linoleic acid + 1% cholesterol, 
(Experiment No. U)
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no cholesterol added were compared, no significant differences were 
detected. Again the dietary changes from one diet to another within the 
sequences, resulted in corresponding changes in the yolk cholesterol 
contents in the two-week periods. (Table 19). The rest of the
variables did not respond to such changes (ordering).
Experiment No. _5
The main factor effects of dietary olive oil, safflower oil, and 
cholesterol on egg yolk cholesterol levels are presented in Table 20. 
The statistical analysis showed that only the dietary cholesterol at 1% 
level produced a highly significant increase (P < .01) in the
concentration of egg yolk cholesterol, and in whole yolk content of 
cholesterol. Table 21 shows the liver cholesterol as affected by the 
dietary lipids. The analysis of variance revealed that safflower oil
had no effect, whereas olive oil at 8% of the diet significantly
increased the liver cholesterol level (P < .05). This is misleading 
because a significant olive oil by cholesterol interaction effect 
(P .05) for liver cholesterol response occured which is graphically 
illustrated in Figure 7. With no added cholesterol, increasing diet 
level of olive oil did not increase liver cholesterol. The presence of 
dietary cholesterol increased liver cholesterol for both levels of olive 
oil but to a much larger amount at 8% level. Egg production (Table 22) 
did not respond to the dietary treatments. The daily feed intake of the 
layers was significantly reduced with olive oil at 1% level or when 
cholesterol was included at its higher dietary level. Moreover, the 
variable feed intake was also affected by a highly significant olive oil 
by dietary cholesterol interaction (P < .01) and by a significant olive 
oil by safflower by cholesterol interaction (P < .05). With added
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Table 19
Egg cholesterol as affected by the ordering of the diets within the 
1sequence
Sequence of diets fed2
Hen No. Egg yolk cholesterol (mg/g)
3709 E H F G
9.00 13.67 18.94 -
3710 F E G H
15.00 10.80 10.26 20.22
3711 G F H E
9.50 21.87 19.20 11.52
3712 H G E F
18.00 9.99 11.84 17.66
3713 E F H G
10.50 13.77 19.46 11.01
3714 H E G F
17.81 10.80 9.99 15.36
3715 G H F E
10.50 20.25 17.88 12.88
3716 F G E H
15.75 10.26 11.31 13.82
^Experiment No. 4.
2Each diet was fed for a period of two weeks; diet E, 6% oleic 
acid; diet F, oleic acid + 1% cholesterol; diet G, 6% linoleic 
acid; diet H; 6% linoleic acid + 1% cholesterol.
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Table 20




























0 17.08±0.35a 11.33±0.52b 195.2±10.3b
Cholesterol
1 17.42±0.37a 16.64±0.54a 286.5±10.8a
Experiment No 5. Average main effects of the dietary lipids 
calculated at all the levels of each lipid class. Interactions 
were not significant.
2Percent of the lipids in the diets.
3. b’ Means within each lipid class with the same letter are not
significantly different (P < .05) based on LSD.
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Table 21
Liver cholesterol contents from layers fed supplementary olive oil,
safflower oil, and cholesterol*
Dietary lipids„ Liver cholesterol









^Experiment No 5. Average main effects of the dietary lipids 
calculated at all levels of each lipid class.
2Percent of the lipids in the diets.
3The differences for the cholesterol lipid class were highly 
significant (P < .01).
0  b’ Means within each lipid class with same letter are not





FIG. 7. Liver cholesterol responses of layers fed diets containing 
olive oil and cholesterol. The broken line represents the liver 
cholesterol content when cholesterol is present in the diet at both 
dietary levels of olive oil. The solid line represents the liver 
cholesterol response when cholesterol is not present in the diet.
a
D I E TA R Y  O L I V E  O I L  L E V E L S  , %
LEGENDi O CH O L 0 f
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Table 22
The effects of added dietary lipids on egg production and daily feed 
intake^
Dietary lipids Number of Daily feed
and levels (%) eggs intake (g)









^Experiment No 5. Average main effects of the dietary lipids 
calculated at all levels of each lipid class.
2Percent of the lipids in the diets.
* Means within each lipid class with the same letter are not 
significantly different (P < .05) based on LSD.
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cholesterol, increasing diet level of olive oil did not affect feed 
intake. The absence of dietary cholesterol resulted in an increased 
feed intake for both levels of olive oil but to a much larger amount at 
the 8% level. These interactions are illustrated in Figures 8 and 9. 
In this experiment it was also found that the variables liver 
cholesterol and egg yolk cholesterol and the variables whole egg yolk 
cholesterol and liver cholesterol were correlated with the correlation 
coefficients being 0.74 and 0.82 respectively. Figures 10 and 11 
illustrate these relationships.
Experiment No 6>
The effects of dietary olive oil and cholesterol on egg yolk and 
liver cholesterol contents are reported in Table 23. The statistical 
analysis showed that olive oil levels of 5 and 9%, and dietary 
cholesterol at the levels of 0.5 and 1% significantly increased the 
cholesterol concentrations of the yolk and of the hepatic tissue. The 
higher dietary levels of both lipids (9 and 1% respectively) resulted in 
the greater elevations of the cholesterol values. The analysis of 
variance also revealed that the responses for olive oil were linear 
whereas those for dietary cholesterol had quadratic trends.
In relation to the linear effects of olive oil, as the dietary 
levels of the oil increased from 1 to 9% the egg yolk cholesterol 
(Figure 12) and total or whole liver cholesterol (Figure 13) increased 
correspondenly, whereas the egg yolk weight (Figure 14) and the daily 
feed intake (Figure 15) decreased significantly. When the dietary 
levels of cholesterol were increased from 0 to 1%, the egg yolk 
cholesterol (Figure 16), liver cholesterol (Figure 17), and total or 
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FIG. 8. Daily feed intake responses of layers fed diets containing 
olive oil and cholesterol. The broken line represents the feed 
intake when cholesterol is present in the diet at both dietary 
levels of olive oil. The solid line represents the feed intake 
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FIG. 9. Daily feed intake responses of layers fed diets containing 
olive oil, safflower oil, cholesterol and their combinations. Open 
symbols represent the oil diets with no added cholesterol; closed 
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FIG. 10. Relationship between liver cholesterol and egg yolk cholesterol 
contents of layers fed diets containing olive oil, safflower oil, cholesterol 
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FIG. 11. Relationship between liver cholesterol and whole egg yolk 
cholesterol contents of laying hens fed diets containing olive oil, 
safflower oil, cholesterol and their combinations, y = 173.09 + 
6.66x; r = 0.82.
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Table 23
Egg yolk cholesterol and liver cholesterol contents from laying hens fed 












Cholesterol 0.5 12.38±0.53a 214.19+48.3b
1 13.22±0.50a 440.83145.5a
^Experiment 6 . Average main effects of the dietary lipids. 
2Percent of the lipids in the diets.
& b c* ’ Means within each lipid class with same letter are not
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FIG. 12. Relationship between dietary olive oil level and egg yolk 
cholesterol content of layers fed diets containing olive oil, 
cholesterol and their combinations. (P < .01, linear)
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FIG, 13. Relationship "between dietary olive oil level and total amount 
of cholesterol per liver of layers fed diets containing olive oil, 
cholesterol, and their combinations. (p < ,05, linear)
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FIG, lU, Relationship between dietary olive oil level and egg yolk 
weight of layers fed diets containing olive oil, cholesterol and 
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FIG. 1 5 . Relationship between dietary olive oil level and daily feed 
intake of layers fed diets containing olive oil, cholesterol, and their 
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FIG. 16- Relationship between dietary cholesterol level and egg yolk 
cholesterol content of layers fed olive oil, cholesterol, and their 
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FIG. 17. Relationship between dietary cholesterol level and liver cholesterol 
content of layers fed diets containing olive oil, cholesterol, and their 
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FIG. 18. Relationship between dietary cholesterol levels and the total 
amount of cholesterol per liver of layers fed diets containing olive 
oil, cholesterol, and their combinations. (P < .01, quadratic)
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(P < .01). These responses were quadratic.
Experiment No 1_
As it was expected from the results of experiment 5, none of the 
variables studied responded to the various supplemental levels of the 
dietary safflower oil. The only responses obtained in this experiment 
were the significant quadratic trends of the effects of dietary 
cholesterol on the variables yolk cholesterol, liver cholesterol, whole 
yolk cholesterol and whole liver cholesterol (P < .01). These effects 
are illustrated in Figures 19, 20, 21 and 22 respectively. Again in 
this experiment the egg yolk cholesterol content (mg/g) was correlated 
to the variables liver cholesterol (mg/g) and whole liver cholesterol 
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FIG. 19 . Relationship "between dietary cholesterol level and egg yolk 
cholesterol of layers fed diets containing safflower oil, cholesterol, 
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FIG. 20- Relationship between dietary cholesterol level and liver 
cholesterol content of layers fed diets containing safflower oil, 
cholesterol and their combinations. (P < .01, quadratic)
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FIG. 21- Relationship between dietary cholesterol level and whole yolk 
cholesterol content of hens fed diets containing safflower oil, 
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FIG. 22. Relationship between dietary cholesterol level and whole liver 
cholesterol content of hens fed diets containing safflower oil, cholesterol 
and their combinations. (.P < .01, quadratic)
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DISCUSSION
The results of experiments 1 and 3 clearly showed that when olive 
or safflower oils (diets A anc C) were fed to the layers at levels of up 
to 8 %, with no cholesterol, the egg yolk cholesterol content was similar 
(Tables 9 and 16, and Figures 3 and 5). Similar results were obtained 
by Weiss £it al̂ ., 1967, who reported that 7.5 or 15% of safflower oil in 
the diets did not change the final cholesterol content of the egg yolks 
after 3 weeks of feeding. Sim and Bragg, 1977 found that dietary 
safflower oil had a property of suppressing the cholesterol levels of 
both serum and egg yolk. On the contrary, the results of Coreil, 1980 
showed that both olive and safflower oils at levels as low as 5% in the 
diet increased the cholesterol content of the egg yolk significantly 
over the pre-treatment values. These elevations reported by Coreil, 
1980, could be attributed to the fact that he used a different procedure 
for the cholesterol analysis which included a different extractive 
solvent, saponification, heating, and ferric chloride as the cholesterol 
reagent.
When 1% cholesterol was added to the oil containing diets 
(Experiment 3, Table 16) a significant increase in yolk cholesterol was 
obtained. These responses are in agreement with the results of Sim and 
Bragg, 1977, who found significant elevations of egg yolk cholesterol 
when 1 % of the sterol was added to the diets containing 8 % of safflower 
oil. A number of reports by several authors (March and Biely, 1960; 
Chung et al., 1965; Hullet et al., 1964; Weiss et al., 1967 and Sim and 
Brags, 1977), have related the elevation of yolk cholesterol caused by 
olive or safflower oils, with added cholesterol, to the fact that they 
are unsaturated oils, and as such, they increase the absorption of
8 0
dietary cholesterol across the intestinal barrier. This in general, 
supported by the results of experiments 2 and 4 in the sense that the 
oils used in experiments 1 and 3 are very rich sources of the 
unsaturated fatty acids oleic (18:1) and linoleic (18:2). When these 
fatty acids were tested in experiments 2 and 4, by including them in the 
diets at levels similar to those supplied by the oils, the results 
obtained were essentially the same. Data on Tables 11 and 18 and
Figures 4 and 6 , show that oleic acid (the main fatty acid of olive oil,
72%) or linoleic acid (the main fatty acid of safflower oil, 74%), when
fed at 6 % level with no added cholesterol (diets E and G), produced the 
same responses on the post-treatment levels of yolk cholesterol as their 
respective oil sources (diets A and C). Similarly, when cholesterol was 
added to the fatty acids diets (F and H) significant increments of the 
egg yolk cholesterol was obtained, as it was for diets B and D in 
experiments 1 and 3. Therefore, the unsaturated oleic and linoleic 
fatty acids contained in great amounts in olive and safflower oils
respectively, were most likely the dietary factors responsible for the 
increased intestinal absorption of cholesterol which in turn resulted in 
significant elevations of the yolk cholesterol levels.
Up to this point, the results of these experiments and those of 
other research workers would indicate that in order for the unsaturated 
olive and safflower oils to produce significant elevations of egg yolk 
cholesterol, it is necessary to include them at levels high enough to 
induce the diversion of the acetoacetate pool to cholesterol synthesis 
and the blocking of lipogenesis (Masoro, 1962 and Diller and Harvey, 
1964). The levels of inclusion appear to be higher than 15%, as 
demonstrated by Bartov et al., 1971, who utilized safflower oil at 20%,
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and by Coreil, 1980 who included both olive and safflower at levels of 
25% in the diets of laying hens.
The individual hen effect on egg yolk cholesterol was 
non-significant (P=.5540) for experiment 4 and approached significance 
(P=.0583) for experiment 3. It could therefore be assumed that the 
individual hen effects were not critical in these experiments. The 
variables egg yolk weight, egg production, and feed intake (Table 14) 
were significantly affected by the individuality of the experimental 
birds. These responses may be attributed to differences in body size 
and weight, and to individual nutritional requirements for maintenance 
and production.
In relation to the effects of the ordering of the diets within the 
sequences, the results (Table 15) suggested that depending upon the 
presence or absence of dietary cholesterol in the diets of a given 
sequence, the egg yolk cholesterol content goes down or up 
correspondingly. This indicates that the laying hens have the 
capability of maintaining their cholesterol homeostasis, when subjected 
to exogenous cholesterol overload, by excreting the excess of 
cholesterol via the egg (Wood et al., 1961; and Sutton et al., 1983).
In experiment No 4, no significant individual hen effects were 
detected for the variable egg yolk cholesterol level. The uniformity of 
the responses may be explained on the basis of the lipid sources used in 
this experiment. While the oils were fed (experiment 3), in addition to 
oleic and linoleic, the layers were also receiving certain important 
amounts of other fatty acids, particularly palmitic and stearic (Table 
1 ), which can be metabolically converted to oleic and other fatty acids. 
This could modify the pattern of fatty acids available in the plasma for
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the formation of the cholesterol esters which are then transported and 
deposited in the egg yolk. However when pure sources of oleic or 
linoleic acids were fed (experiment No 4), no other extra fatty acids 
were present in the added lipids. In this case, the plasma fatty acid 
pattern or availability remains relatively unchanged, which in turn 
could account for the uniformity of the hen's responses.
It was found in both experiment 3 and 4, that layers had 
significant individual effects on the variables egg yolk weight, egg 
production and feed intake (Table 17). The possible explanations for 
these differential responses were already given before. The ordering of 
the dietary treatments within sequences had no influence on any of the 
variables studied. As was shown earlier, the diets evaluated in
experiments No 1 and No 3 (A, B, C and D) and in experiments No 2 and No 
4 (E, F, G and H) were exactly the same. The diet effects on the egg 
yolk cholesterol levels (Figures 3, 4, 5 and 6 ) were also essentially 
the same. These similarities in the responses indicated that the 
individual hen effect was not a critical factor in the results obtained 
and that there was no advantage in utilizing a double latin square 
design (experiments 3 and 4) over the randomized block design
(experiments 1 and 2 ) to study the effects of the dietary lipids on the
egg yolk cholesterol concentration. This indication holds for the 
particular treatment combinations evaluated in this first series of 
experiments.
In experiment 5, as presented in Table 20, only dietary cholesterol 
significantly increased (P < .0 1 ) the egg yolk cholesterol levels.
However, when the variable liver cholesterol was examined (Table 21), it 
was evident that dietary olive oil and cholesterol elevated the liver
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cholesterol levels significantly. These responses corroborated the 
results of the first series of experiments in the sense that the oleic 
acid contained in the olive oil stimulated the absorption of cholesterol 
across the intestinal barrier. The absorbed cholesterol then goes to 
the liver in which it accumulates temporarily for further distribution 
and mobilization.
The results agree with the reports of Teekell et al., 1975 who
found that the addition of 6 % oleic acid to the diets of growing Leghorn 
chickens resulted in significantly higher total liver cholesterol 
levels. The significant olive oil x cholesterol interaction (Figure 7) 
further explains the response of liver cholesterol by showing that when 
both olive oil and cholesterol are present in the diets of the layers at 
their higher levels ( 8  and 1 % respectively), the liver cholesterol 
increased dramatically, but when cholesterol is not present, the higher 
level of olive oil did not influence the liver cholesterol content.
Table 22 shows the main factor effects of the dietary lipids on 
daily feed intake. There were opposite effects. The olive oil at its 
higher level increased feed consumption whereas the cholesterol at 1 % 
depressed feed intake. Harris and Wilcox, 1963 previously reported 
considerable reductions of feed intake when White Leghorn layers were 
fed diets containing 1 % cholesterol as compared to those with no dietary 
cholesterol. The opposite responses are explained by the significant 
olive oil x cholesterol interaction (Figure 8 ) which shows that when 
both olive oil and cholesterol are included in the diet, the feed intake 
is significantly reduced below the normal levels of consumption whereas 
in the absence of cholesterol the feed intake is significantly 
increased. These responses may be part of an outside compensatory
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mechanisms available to the layers for controlling the input of 
exogenous cholesterol into their metabolic systems. Since the layer 
cannot control the absorption of cholesterol under an ideal absorptive 
situation (simultaneous presence of olive oil and cholesterol at higher 
dietary levels), the animal had to reduce her feed intake to diminish a 
potential cholesterol overload.
The analysis of variance also revealed a significant olive x 
safflower x cholesterol interaction for the variable daily feed intake. 
Figure 9 illustrates the interactive responses. In the figure, it is 
evident that when cholesterol is not present in the olive or safflower 
oil diets, the feed intake increases as the levels of the oils are also 
increased, whereas the addition of 1 % cholesterol to the oil containing 
diets resulted in reduced feed intake when the levels of the oils are 
increased up to 8 %. The reduction of feed intake by the layers appeared 
to be a possible mechanism to avoid a cholesterol overload.
Klauda and Quackenbush, 1971 reported that the absorption of 
radioactive cholesterol by rats given triolein (glyceride with three 
molecules of oleic acid) was nearly three-fold that of similar dose 
given as ethyl oleate or oleic acid. The difference appeared to reflect 
a need for monoglyceride, since addition of 2  - monolein to ethyl oleate 
improved cholesterol absorption. From the results of experiment No 6  it 
can be assumed that as a result of the digestion of olive oil, 
sufficient amounts of 2  - oleic acid monoglycerides were intestinally 
available for increasing cholesterol absorption confirming the 
results of Klauda and Quackenbush, 1971.
Another relevant finding of this experiment was the significant 
positive relation of egg yolk cholesterol with liver cholesterol.
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Figure 10 shows the linear relationship of yolk cholesterol on liver 
cholesterol. The equation which define the tendency was found to be: 
y = 10.68 + .32 x; r = 0.74. There also was a significant relation of 
whole egg yolk cholesterol content on liver cholesterol. Figure 11 
shows this relationship. The regression equation was found to be Y = 
173.09 + 6 . 6 6  x; r = 0.82. The regression analyses indicates that the 
liver cholesterol provides a reservoir upon which the laying hen 
metabolic system can draw the cholesterol required for egg production. 
Similar results were previously reported by Sutton ^t al. , 1981 for 
laying quail.
The results obtained in experiment No 5 prompted further 
investigations about the dietary relationships between olive oil and 
cholesterol and their effects on yolk cholesterol, liver cholesterol, 
and feed intake.
As presented in Table 23, the main effects of olive oil showed that 
as the dietary levels of the lipid increases, the egg yolk and whole 
liver cholesterol contents increased significantly with linear trends. 
It was evident that even at levels as low as 5% of olive oil plus added 
cholesterol the egg yolk and whole liver cholesterol were elevated. 
When the level of olive oil was increased to 9% of the diet, with added 
cholesterol, the egg yolk and liver cholesterol were significantly 
enhanced, which again appeared to be the result of a greater cholesterol 
absorption due to increased levels of the oleic acid contained in the 
oil. Pihl, 1955, working with rats compared the stimulating effect of 
oleic acid and stearic acid on cholesterol absorption. The author found 
that oleic acid at 9% in the diet with 1% of added cholesterol 
significantly increased the absorption of cholesterol. In the case of
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the variable total or whole liver cholesterol content (Figure 13), the 
relationship was also linear. Significant increases of total liver 
cholesterol were also obtained by Chung &t al., 1965 when lard, corn 
oil, and hydrogenate coconut oil were fed to layers at 1 0 % level with 1 % 
of supplemented cholesterol.
Table 23 also shows the quadratic responses to dietary cholesterol. 
These responses are illustrated in Figures 16 and 17. It is of interest 
to note that when dietary cholesterol is increased, the egg yolk and 
liver cholesterol responded differently. The egg yolk tended to 
maximize its cholesterol content at a dietary cholesterol level of 0.5% 
whereas the liver does not. An opposite response was attained when 
cholesterol was fed at 1 % of the diet, and at this level the liver 
cholesterol increased at a considerably faster rate than the egg yolk 
cholesterol. This variation in the responses seemed to be a function of 
the cholesterol absorption and appeared to reflect the degree of 
involvement of the hepatic tissue and the egg yolk as homeostatic means 
for controlling hypercholesterolemia. Therefore, the results would 
indicate that under a condition of cholesterol overload (1 % in diet), 
the liver will be taking up most of the exogenous cholesterol whereas 
the ovarian tissue will come into the picture at lower dietary 
cholesterol levels, ie., 0.5%. The same sort of responses were obtained 
in experiment number 7 for the variables whole egg yolk cholesterol and 
whole liver cholesterol contents as functions of the dietary cholesterol 
levels (Figures 21 and 22). The differential responses to dietary 
cholesterol involving the liver and egg yolk, and the indication that 
the liver is taking up most of the absorbed cholesterol, may explain the 
lack of relationship between plasma and egg yolk cholesterol contents
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found by other researchers (Sutton £1., 1981 and Weiss and Scott, 
1979).
With respect to the variables egg yolk weight (Figure 14) and daily 
feed intake (Figure 15), negative relationships were obtained upon 
feeding olive oil. The significant linear reduction of the egg yolk 
weight may be explained on the basis of the corresponding reductions of 
feed intake. Even though the energy densities of the diets were kept 
approximately equal, the higher levels of olive oil probably induced the 
layer to ingest less feed and thus smaller eggs would have been laid, 
with no effect on the rate of lay. Also, the environmental conditions 
could have played an important role in the responses because this 
experiment was conducted in an open house during the month of August 
characterized by high temperature and humidity. Earlier findings of 
Nichols et_ al., 1963 and Menge et_ al., 1974 observed inverse
relationships between egg yolk size and cholesterol content.
The results of experiment No 7, revealed that the variables egg 
yolk cholesterol (Figure 19), liver cholesterol (Figure 20) whole yolk 
cholesterol (Figure 21) and whole liver cholesterol (Figure 22) contents 
only responded to the dietary cholesterol factor in a significant 
positive quadratic fashion, whereas the dietary safflower oil did not 
cause any significant effect. These results emphasized the major role 
that the oleic acid, contained in the olive oil, plays in determining 
the cholesterol contents of the egg yolk and of the hepatic tissue. 
This assumption is in general agreement with the finding of Swell et 
al., 1954 who reported that oleic acid excerted a greater effect on
cholesterol absorption as compared to linoleic acid which represents 75% 
of the safflower oil. The greater cholesterol absorption was obtained
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when the above authors fed rats diets containing 25% oleic acid or 
linoleic acid with 2 % of added cholesterol and 1 % sodium taurocholate in 
both cases. Similar increases in cholesterol absorption were also 
showed in a separate experiment by Swell et al., 1954 in which olive oil 
was fed at 25% level with added cholesterol and the bile salt.
To further emphasize the findings of the present research work, 
Glomset, 1968, and Noble e£ al., 1977 studied the role of the plasma 
lecithin-cholesterol-acyl transferase enzyme (LCAT) on the fatty acid 
composition of cholesteryl esters of the laying hen. The last-mentioned 
authors demonstrated that the cholesterol esters are synthetized mainly 
by the plasma LCAT system of the layer. The enzyme showed more 
specificity for oleic acid over linoleic, as shown by the increased 
proportion of oleic acid being transferred from position 2 of the 
lecithin to the free cholesterol in the lower density lipoprotein 
fraction. It has been also suggested that in the absence of olive oil 
in the diet of cockerels and turkeys, the dietary cholesterol increased 
the hepatic level of oleic acid. This may be the result of a 
homeostatic mechanism in liver responding to an unusual amount of 
exogenous cholesterol by increasing the fatty acid synthesis in order to 
eliminate the overload of cholesterol from the liver (Chung et al., 
1966, 1967). To additionally emphasize the importance of LCAT,
lecithin, and olive oil, Weiss et al., 1967 reported that 30% of dietary 
hydrogenated safflower oil, containing high levels of oleic acid 
significantly increased the yolk cholesterol levels, and that a lower 
fat diet with no fat added, containing 5% lecithin and 1% cholesterol 
caused a 1 0 0 % increment of yolk cholesterol.
The significantly increased levels of liver cholesterol found in
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experiment 6  were probably due to the improved cholesterol absorption 
exerted by the oleic acid contained in the olive oil. The subsequent 
significant elevation of egg yolk cholesterol could have been the result 
of the preferential incorporation of oleic acid by the LCAT system to 
the free cholesterol coming from the liver to form the cholesteryl 
esters.
The evidence from experiments 5 and 6  would indicate that the 
absorbed oleic acid and cholesterol are incorporated into the
chylomicrons formed in the intestine then transported to the liver, and 
from the liver released to the plasma in which they are esterified by 
the LCAT reaction, and eventually transported to the egg yolk utilizing 
the lower density lipoproteins as carriers.
Finally the correlations between liver cholesterol and egg yolk 
cholesterol contents, again found in experiment 7, adds to the previous 
indication that the liver constitutes the main reservoir for the
cholesterol that will be deposited in the egg yolk.
Based upon the results of this research and those of Swell et al.,
1954; Pihl, 1955; Chung et al., 1966, 1967; Glomset, 1968 and Noble et 
al., 1977, it would seem logical to think that the plasma levels of 
oleic acid or the activity of the LCAT enzyme could be used as tests to 
obtain information about the cholesterol status of the liver tissue and 
of the egg yolk.
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SUMMARY
Seven experiments were conducted using sexually matured SCWL layers 
to study the nutritional interrelationships of dietary olive and 
safflower oils, oleic and linoleic acids and cholesterol, affecting the 
egg yolk and liver cholesterol levels. In addition to this objective, 
information concerning the relations between egg yolk and liver 
cholesterol contents were studied. In experiments 1, 2, 3 and 4, the 
levels of the dietary lipids were 0  and 8 % for the oils, 0  and 6 % for 
the fatty acids and 0 and 1% for cholesterol. The results obtained in 
the first four experiments indicated that regardless of either dietary 
oil or fatty acid, when cholesterol is simultaneously present, the 
cholesterol levels of the yolk increased significantly. The average 
elevations of the yolk cholesterol were approximately 3.5 mg/g for the 
oils and 4.5 mg/g for the fatty acids. It was reasoned that the 
responses were the result of an improved cholesterol absorption caused 
by the oils and fatty acids. Even though there was some degree of 
individual variations, the dietary effects overwhelmed the individual 
hen influences. When the dietary levels of olive and safflower (1 and 
8 %) and cholesterol ( 0  and 1 %) were factorially arranged in experiment 
No 5, the results indicated that the egg yolk cholesterol responded 
significantly only to dietary cholesterol, whereas liver cholesterol was 
significantly influenced by both olive oil and cholesterol. No 
responses were detected for safflower oil. Significant olive oil x 
cholesterol interactions were detected for the variables liver 
cholesterol and feed intake. When cholesterol was added to olive oil 
diets, the liver cholesterol increased significantly, particularly for 
the 8 % olive oil diet which reached a value of 2 0  mg of cholesterol per
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gram of liver as compared to only 11.4 mg/g for the 1% olive oil diet. 
When cholesterol was excluded from the olive oil diets the liver 
cholesterol remained at a concentration of 5 mg/g. The feed intake 
responded in an opposite direction, being that in the presence of 
cholesterol the olive oil diets resulted in an average feed intake of 
85 g/bird/day whereas in the absence of cholesterol averaged a feed 
intake value of 104 g/bird/day. Also in this experiment, the egg yolk 
cholesterol showed to be significantly related to liver cholesterol, the 
obtained regression equation was y = 10.68 + 0.32 x; r = 0.74.
To further examine the dietary relationships between olive oil and 
cholesterol, levels of 1, 5 and 9% for olive and 0, 0.5 and 1 % for 
cholesterol were factorially combined in experiment 6 . The results 
showed that as the levels of olive and cholesterol were elevated, the 
egg yolk and liver cholesterol increased linearly for the oil, and 
quadraticaly for cholesterol (P < .01). Negative linear relationships 
were detected between the olive oil levels, feed intake and egg yolk 
weight.
In experiment 7 in which factorial treatment combinations of 
dietary safflower oil and cholesterol, at levels equal to experiment 6 , 
were examined, the liver and egg yolk cholesterol did not respond to the 
safflower diets whereas significant quadratic relationships were 
detected for dietary cholesterol. Again yolk cholesterol was 
significantly associated with liver cholesterol.
The results of experiments 6  and 7 corroborated the findings of 
experiment 5, and indicated the oleic acid contained olive oil played a 
major role in the absorption of dietary cholesterol and in the 
subsequent levels of hepatic tissue and egg yolk cholesterol.
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CONCLUSIONS
The studies reported in this dissertation warrant the following
conclusions:
1. Olive oil at a dietary level as low as 5%, with supplemental 
cholesterol at 1 % is sufficient to significantly elevate liver and 
egg yolk cholesterol.
2. Oleic acid, the main fatty acid of olive oil, is believed to be the 
critical fatty acid involved in the significant elevations of liver 
and egg yolk cholesterol.
3. Dietary safflower oil or linoleic acid, with 1% supplemental 
cholesterol was shown to be inconsistent in determining the 
cholesterol levels of liver and egg yolk.
4. The degree of saturation (18:1 vis 18:2) of the dietary lipids could 
be a decisive factor in determining the liver and egg yolk 
cholesterol responses.
5. At 0.5% of dietary cholesterol, the deposition into the egg yolk 
seems to be an important mechanism to maintain cholesterol 
homeostasis in the laying hen.
6 . At 1% of dietary cholesterol, the liver appeared to be the organ 
responsible for maintaining a normal cholesterolemia in the laying 
hen.
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7. The responses of liver and egg yolk cholesterol contents to dietary 
olive oil were positive and linear.
8 . As dietary cholesterol was increased the liver cholesterol content 
increased in a quadratic fashion with the rate of increase higher 
after the second level (.5%) of dietary cholesterol.
9. As dietary cholesterol was increased the egg yolk cholesterol 
content increased in a quadratic fashion with the rate of increase 
higher after the second level (.5%) of dietary cholesterol for 
safflower oil whereas the rate decreased with olive oil.
10. The liver seems to be the main reservoir upon thich the laying hen 
draws the cholesterol to be deposited in the egg yolk.
11. Feed intake is negatively related to the simultaneous occurrence of 
olive oil and cholesterol in the diet. This indicates that feed 
consumption may be one of the control mechanism to reduce 
cholesterol overload.
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Block 3 1.258 8.269 1798.747
Oil (0) 1 2.788 2.131 4770.032
Cholesterol (C) 1 45.495** 58.828** 23101.362*
0 x C 1 0.007 0.360 264.939
Inichol* 1 1.245 13.801 35.467
Residual 8 3.534 3.533 2944.158





Analysis of variance for yolk weight, total number of eggs and daily














Block 3 3.946 3.229 54.654
Oil (0) 1 9.641 3.062 73.061
Cholesterol (C) 1 2.059 1.562 2.250
0 x C 1 0.540 5.562 66.306
Residual 9 2.759 9.895 39.419
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Table 26












Block 3 6.720 9.711 2436.129
Fatty acid (A) 1 8.352 14.090 1687.993
Cholesterol (C) 1 31.991* 31.350* 11159.155*
A x C 1 0.328 1.056 198.298
Inichol^ 1 0.089 1.137 300.785





Analysis of variance for yolk weight, total number of eggs and daily 














Block 3 1.050 39.466* 34.371
Fatty acid (A) 1 2.945 61.363* 83.598
Cholesterol (C) 1 0.264 24.111 440.095
A x C 1 0.056 49.136 524.015
















Hen 7 6.026 1,970.121
Order 3 8.256* 560.709
Oil (0) 1 1.915 1,287.026
Cholesterol (C) 1 84.142** 29,379.116**
0 x C 1 0.901 972.944




















Hen 7 7.232** 2.267** 205.448**
Order 3 5.072** 1.208 18.768
Oil (0) 1 1.040 2.000 9.107
Cholesterol (C) 1 0.023 0.500 9.727
0 x C 1 0.559 0.125 2.905





Analysis of variance for egg yolk cholesterol (Experiment 4)
Source Degrees  Mean squares______________
of of Egg yolk Whole yolk
variation freedom cholesterol levels cholesterol levels
Hen 7 3.412 894.636
Order 3 4.068 1,515.767
Fatty acid (A) 1 1.004 1,023.021
Cholesterol (C) 1 354.786** 102,709.421**
A x C 1 3.818 3,077.530



















Hen 7 4.398* 14.781 295.550**
Order 3 6.006* 13.114 40.602
Fatty acid (A) 1 0.588 0.781 143.288
Cholesterol (C) 1 2.744 7.031 136.125
A x C 1 1.260 0.781 23.755





















Block 3 2.773 6.456 2,700.162
Olive oil (0) 1 0.565 1.147 885.546
Safflower oil (S) 1 0.819 1.382 177.170
Cholesterol (C) 1 0.838 216.116** 68,193.577**
0 x S 1 2.336 2.941 242.500
0 x C 1 0.391 11.421 4,683.945
S x C 1 6.598 8.892 6,894.671
0 x S x C 1 5.298 7.288 5,147.048




Analysis of variance for liver cholesterol (Experiment 5)
Source of Degrees of Mean squares
Variation freedom Liver cholesterol
Block 3 23.594
Olive oil (0) 1 139.860
Safflower oil (S) 1 10.714
Cholesterol (C) 1 910.966**
0 x S 1 88.580
0 x C 1 118.930*
S x C 1 16.697






Analysis of variance for egg production and feed intake (Experiment 5)
Source of Degrees of Mean squares
variation freedom Egg production Daily feed intake
Block 3 2.392 13.796
Olive oil (0) 1 13.677 438.854*
Safflower oil (S) 1 1.465 0.200
Cholesterol (C) 1 0.798 3,397.591**
0 x S 1 0.042 181.383
0 x C 1 4.060 638.314**
S x C 1 1.884 82.564
0 x S x C 1 0.120 473.523*





Analysis of variance for the regression of yolk cholesterol 
cholesterol (Experiment 5)
on liver







Analysis of variance for the regression of whole yolk cholesterol 
content on liver cholesterol (Experiment 5)






















Block 3 0.517 75.546 1,093.274 76,611.02
Olive oil (0) 2 14.479* 63.642 2,048.149 68,015.055
Cholesterol (C) 2 26.412** 325.809** 8,811.694** 267,771.53**
0 x C 4 4.404 23.724 580.441 24,711.93
0 linear 1 29.008** 97.068 2,524.444 118,662.098*
0 quadratic 1 3.540 0.241 2,379.938 8,678.661
C linear 1 25.983** 25.714 6,865.430* 18,221.446
C quadratic 1 29.465** 610.115** 12,356.525** 498,535.06**





















Block 3 0.833 538.954 21.901*
Olive oil (0) 2 7.413* 2,055.957** 8.579
Cholesterol (C) 2 1.600 68.314 15.308
0 x C 4 3.081 763.562 6.959
0 linear 1 11.186* 3,215.529** 8.956
0 quadratic 1 1.136 461.400 5.288
C linear 1 0.026 84.889 5.720
C quadratic 1 3.628 1.717 31.284*




















Block 3 4.090 27.099 969.749 19,646.89
Safflower oil (S) 2 1.073 44.171 24.203 22,905.495
Cholesterol (C) 2 64.941** 254.180** 14,119.55** 204,490.28**
S x C 4 0.275 75.982 480.814 46,545.96
S linear 1 4.083 113.718 148.506 65,327.93
S quadratic 1 0.663 0.653 34.727 2,296.01
C linear 1 6.600 3.746 3,274.182* 1,046.26
C quadratic 1 119.641* 611.024** 23,777.06** 480,365.20**






Analysis of variance for egg yolk weight, feed intake and egg production 
(Experiment 7)











Block 3 0.996 1,370.675* 13.513
Safflower oil (S) 2 3.594 585.603 5.121
Cholesterol (C) 2 3.978 128.612 18.872
S x C 4 4.731 236.546 4.871
S linear 1 6.700 863.664 6.840
S quadratic 1 2.155 342.760 0.169
C linear 1 1.294 105.904 10.597
C quadratic 1 6.483 293.968 30.055
Residual 21 3.863 332.936 7.524
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